ABSTRACT
INTRODUCTION
The prenatal screening of congenital anomalies becomes a major research area in obstetrics. Ultrasound has been used as an important tool for prenatal detection of congenital anomalies including facial clefting (1) . Facial clefts resulted from the failed fusion of yaw arch maxillofacial and nasal processes in the embryogenesis stage. The cleft lip plus or minus cleft palate are the most common facial clefts, which could occur as an isolated anomaly or associated with other global anomalies and syndromes (2) . Cleft lip and palate incidence have reported reaching 2.19/ 1000 live births in the central province of Saudi Arabia, which is a higher incidence when compared to other countries such the UK where incidence rate was 182/1000 live births (3, 4) . When using ultrasound, the detection rate of these clefts differed greatly according to the skills of the operator and the design of the study. It ranges from as low as 13% in a prospective study conducted by Stoll et al. (5) to as high as 90% in a retrospective study conducted by Benacerraf et al. (6) . Proper prenatal screening associated with early detection of facial clefts, especially in a low-risk population, can improve the management plan. Recently, the threedimensional (3D) ultrasound imaging techniques have introduced to the prenatal screening methods (7) .
The benefits of using 3D ultrasound imaging include the provision of depth and volume, which explore more details than those available in two-dimensional (2D) ultrasound imaging
(8)
. There is a current belief that 3D ultrasound is a time-saving technique that can play an important role the future. However, it is not obvious what is the clinical significance of the additional data provided by 3D ultrasound imaging. Although there is a lack of robust evidence from prospective cohort studies that supporting using 3D ultrasound, it becomes widely used in the clinical practice of obstetrics
(7)
. The main problem occurs when using 3D ultrasound is the deviation from the initial plane, which can reduce the quality of the images. In addition to the problem of acoustic shadowing, that may also occur in 2D ultrasound (9) . Recently, it becomes possible to update the 3D image at a rate of 24/second which leads to living view of the 3D volumes or what is known as 4D ultrasound imaging (10) .
This review aimed at evaluating the evidence assessing the accuracy of 3D ultrasound, in the detection of cleft lip and palate in different populations at different trimesters.
METHODS
In July 2017, we conducted a systematic search of the databases (MEDLINE, EMBASE and Science Direct databases) as demonstrated in table 1. The title and abstract of the detected articles were screened to exclude irrelevantly and duplicated, in addition to articles of case reports and reviews. The full texts were retrieved for 23 articles and furthermore, 9 articles were excluded from review because of inconsistent outcomes or unclear objectives. Since the number of articles aimed to assess the accuracy of 3D ultrasound imaging was small, no strict inclusion criteria were applied in this review. Only publications before 1990 were excluded since the ultrasound techniques before 1990 were incomparable with the recent techniques. Fourteen articles were finally included in this review and subjected to data extraction (table 2. The data were extracted for the outcomes such as study design, sample size, calibration methods, gestational age, detection rates for cleft lip and palates by 3D and 2D ultrasound imaging. This information was subjected to in-depth analysis and the risk of bias was assessed to evaluate the accuracy of 3D ultrasound imaging. The study was done after approval of the ethical board of King Abdulaziz University and written informed consent were obtained from study participants.
RESULTS
Fourteen studies were included in this review, in which 10 of them were prospective cohort studies , and one was mixed of prospective and retrospective approaches (24) . The samples of fetuses were selected either from high-risk populations as in 11 studies or from low-risk populations as in 3 studies . The gestational ages of fetuses included in these studies were different, where some studies included the fetuses only in the second trimester However, the majority of the studies included fetuses in the second and third trimester as in All the studies mainly aimed to detect the accuracy of diagnosis made by 3D ultrasound imaging, however, 5 studies compared the accuracy of 3D ultrasound imaging to that of 2D imaging (13, 14,
16, 20, 21)
. In regard to the main outcomes of this review, the detection rates of cleft lip ± alveolar bone cleft were found very high by many of the studies included in this review. About 100% detection rate of cleft lip reported by . Slightly fewer detection rates of 95% and 85% were reported for cleft lip only and cleft lip with cleft alveolus respectively (15) . Moreover, the detection rates of palatal clefts were widely different across the included studies. Some studies reported 100% detection rate of cleft palates , while it was 90% for cleft lip and palate detected by Sommerlad et al.
(15)
, Johnson et al., (20) found a detection rate of 86% for cleft lip and palate, while a detection rate of 78% for primary palate cleft found by Martinez-Ten and his colleagues in 2012 (24) , and the detection rate for isolated cleft palate was found 50% by Gindes et al.
(22)
. The comparisons of the accuracy of 3D ultrasound and 2D ultrasound were conducted by 5 studies (13, 14, 16, 20, 21) . All of them found the much higher accuracy of 3D ultrasound when compared to 2D ultrasound, except Kurjak et al. (13) who found the slightly higher sensitivity of 2D ultrasound but lower specificity than 3D technique.
The calibration of the ultrasound scan images was reported by 8 of included studies, however, it was not conducted in a proper way , and three reviewers in (24) . No study reported kappa statistics to demonstrate the agreement percentage between recruited reviewers. 
DISCUSSION
The findings of this review demonstrated the evidence of a high accuracy of 3D ultrasound imaging in the detection of cleft lip and palate. In regard to the cleft lip with or without cleft of alveolar bone, the detection rate was high (between 85%-100%). In another hand, the detection rate of cleft palate with or without cleft lip varied between 50%-100%. This review found a detection rate of cleft lip and palate in low-risk populations ranged between 80-100%, which is much higher than the accuracy of 2D ultrasound reported by a systematic review of Maarse et al. (25) . He found a range of 9%-50% detection rate of 2D ultrasound in low-risk populations. These findings revealed the presence of evidence supporting the accuracy of 3D ultrasound in detection cleft lip and palate among low-risk populations. In high-risk populations, Maarse et al. (25) found a range of 60%-100% detection rate of cleft lip and palate, which is similar to that found in the current review. Thus, the 3D ultrasound imaging can be very helpful in detection of cleft lip and palate in low-risk populations. Studies that compared 3D technique to 2D have not divided the cases into two intervention groups with randomization, instead they did screening by 2D then they scanned fetuses by 3D which yield net accuracy of both techniques rather than the accuracy of each technique separately. The correct methodology was to use two groups of cases (for 2D and 3D), randomly selected and to compare the findings of ultrasonic imaging with the outcomes at birth to calculate true positive, true negative, false positive, and false negative. After that, the calculations of sensitivity, specificity, positive and negative predictive values would be possible.
As no proper sample size calculation was done by any of the included studies sample sizes used in the included studies varied widely. In general, studies conducted among low-risk population recruited larger numbers of cases than those conducted among high-risk populations, particularly in the study of Tonni et al. (16) , where 1856 women were recruited. The risk of bias among included studies was considerably high especially in other retrospective studies The gestational age was different in the included studies that could affect the detection rate of the cleft lip and palate since there is a significant difficulty in the diagnosis of the cleft lip and palate before week 20 of the pregnancy. Many authors of included studies have not correctly identified the accurate dominators for calculation of detection rate. Some used number of all live births as a dominator rather than using the actual number of newborns with lip and palate clefts. Other authors included stillbirths and deaths in the calculations, which yield invalid detection rates. Another cause for variation in the 3D accuracy was the inconsistent definition of the outcome, where some studies identified the detection rate of all facial clefts and some for the categories such as cleft lip only, cleft lip with cleft alveolus, cleft lip and palate, cleft soft palate only.
CONCLUSION
Although there is a wealth of evidence demonstrated the high accuracy of 3D imaging in the detection of cleft lip and palate, the available studies had the poor methodology with a high risk of bias in their findings. There is a great need for high-quality clinical trials to evaluate the accuracy of 3D ultrasound imaging in the detection of facial clefts.
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